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^ ' C'^^S^ ' Damascene Gate Process) 

The invention provides a damascene gate 
process. A semiconductor substrate having a pad 
layer and a etch stop layer formed thereon is 
provided. An insulation layer is formed to cover 
the etch stop layer, followed by forming an opening 
be partially removing the insulation layer, the 
etch stop layer, and the pad layer. Protective 
sidewall layers are then formed on the sidewalls of 
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- ^:SL#^4^-t- ■ Damascene Gate Process) 

the opening, wherein the tops of the protective 
sidewall layers are lower than the insulation 
layer. A gate conductive layer is then formed in 
the opening. The protective sidewall layers and the 
insulation layer are then removed to expose partial 
semiconductor substrate and the etch stop layer. 
Implantation is then performed to form lightly 
doped drains on the exposed semiconductor 
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substrate. Dielectric spacer is then formed to 
cover the gate conductive layer. The etch stop 
layer and the pad layer are then removed to expose 
portions of the semiconductor substrate. 
Implantation is then performed to form 
source/dr a i n. 








B #^ : 

B #^ : 




QS4fr-9820twf(pl):-91190: Phoebcptd 



i-«^««i8.«« (1) 

I ^ m m M ^ iiim ^ iikl 

m.^^^^Mm.ikm^^m'^^ ' ^ ^ m -h 

e. 3^ 5^ ^(scaling down) ^/J>;^100^^;^(nm)^a® 
» ifij fig ;^ >fb >t -iiL M 1^ nm » ^ # $t € a^a 

^ ^ # 1^ ^ (sha 1 low trench i so 1 a t i on ) ST I ^ \^ m 

(polys i 1 icon) ^ » ;5fe^-^is>fb-^Sl^f^ ' ^I^^P^;^ 

£k '^W^ M. photo 1 i thography ) 4k P] m k tiJ — ^ a^a 

fig ^ € ^ ' ^ ^1 # ife ^ ^1 >^ # # iS- ^( 1 ight 1 y doped 
drain) 11^ ^ ^ ' J-X JL ^ ^ Fal P^: ^ ^ # ^ » 

^ ^ 0' A M ^ ^ ' # ^ >^ ^ ^'J ^ 'fb >t ' fln 

:}I>JLT®^«>'&^6^'lf^ ' ^'jtbfln^ ' ^ ^ ^ U :^ >^ 

'ft ^ • ^ A^Pl ^ ' H -t- it ^ fig ^ ^ fig ^ F«1 ' ^ 

^ >flL 7t ^ fal 6*1 ^ @ (str i nger ) > iiij^ij^^^s^^^^ " 




054Wmwf(nl); 91190; Phoebe.ptd 



^61 



(2) 



[ ^ 


8^ 


n 
































9 






g 












^ A m m 




♦ 




^ «t 














as i 


t& ^ ^ ^ 








t- 
"T 




w 








raj 






;^ 


ig m 




# u 




A. 






-V 




rfl 












-fty 






it 




*+• 


a jju 














#0 ^ 9 
^21 j^L ^ » 






in 


J.-1L 






fit- 










M ilk 


— 


zci 7T -U^ /a 


6<J -f- 
























J-X -S. 


,L 

'iK *y Tr -U^ 






1^ 




















i-X -JL 


^ 7C^ ^ 


ft B 




9 






n 1^ 










51: raj 


1^: ^ 


' J. 1^ 


A3L Pi* 

1^ «s. raj r?* 


Oft. 




tic 


16. ^ 








7b 






M is; 


tl^ € 








>^ 










Kit fi*r 


M 












^ ^ 








m fx. 




If- jt 


£3. 


*r 




ill 








<T ^JL >A^ 7t> 


^ >^ 


# 










2^ % 


£3. 






W'J » 




i: # # 


^ «^ PPJ 






/I' 










» 










jL >f a 


>$L 1^ ^ ^ 






4- 






/& » 














it 


^ ^ 












o 






























m ^ 














^ * >^ 


1^ ^ 






(Shal 


low 


Trench 


I 


SO 


1 a t i 0 n ; 


STI ) ^ It 




» 










1% 






^ ^ 


^ >^ 


IW, ^ 


*4 ^ ^ 


^ It 






' J- 


1^ 












-L ^ ^ # 


-STI -fi^ ^ >t ; 




QS48-9mwf(nl): 91190: Phoebe.ptd 



^ 7 K 



JL-«-i««.iW (3) 







•It 


















3fe" 














Tr 




• 












It 


1? ^ 










^0 




» 




$t| 
^•J 




jt 


t 


















tk 














& 
























Pal 


• 

t 






US n 






















St 


















fk 




aT 


Mrs 































^ AH 












U 




-SI* 








ttA. 




«S. raj 












Ml 










•If 




m 




A 1*/ 


}^ 








/a 


• 


















4* 

m 










IP 


ro 

loo 


«3K 




IS- 




J& 
/a 




















-V 




>^§rf ' 








M It 




















— iM: 

— W 


















Pr3 






> 










it 


/b 




IS 






f 










jIL it- 


11. 




/& 






X 


fix* 






/it 43fe 










































T 












itL 




@ 












^ .1 i 




It 


m 




'It 




T 






■ 


























5/0 






r 






























[ ^ 








1 










































% 


lA 




















1 10 



^ ft. >fb -E>^ i^. 6*1 ^ 4t ^ ^ ( ST I ) 1 1 2 ' JU ;t ^ ifc - i 
ti^HCActive Area) ♦ ^ WL ^ ^Sl ^ ^ imSl I ^ ^ 

^ " X ^ m- mi m ^ ^^112 X ^ ^ ^ ^ H ^ - ^\ 

H >fb >f (SiN) ^STI ^^>fll4 ' ^ m ^ ^ ^ ^ <^ ^ 




OS4&^820twfiOal); 91 190; Phoebe.ptd 



^-8 1 



i*-8-«W«L«W (4) 

*» ^& 'fb ^ H ^ St ^(LPCVD) • KJL^il^^i^^$L$LMkJSLM 

^ ^250 —400 >^6«j#>f^iS.>!l.TJfc^flQ;& • Jl ^ ^ 

^ ife o 

' >fe4-^^^^1004:,i.t&^«P^6fj^>tllOJi^ 
^ - II -fb ^ ^ ^ ^'J ^ jL >t 1 1 5 ^1. ' ^ ^ '\± i^A -ko 

^ ^(tetra-ethyl -ortho-si lane, TEOS ) Ig. 3^ 
#^N-3^;&^^>tl20 ' •5r#'Jffl^?'J*»'fb^lL^S*.^>*r 
(chemical vapor deposition > CVD) ^ ^ ^ iS. ^ ^-fb >ir 
(thermal ox i da t i on ) ^ » i^H ^1. ' #'J ffl it. PJ- ^ ^ - ® # 
'fb;7fe,PJ.>t(i^^^) ' J'X'ti^<J^ili-l"ftg^^^vtll6^^&' 
JfllO' 4LBf1all8 • flQ^tbH5p^4-^m.^ ' *»mBfflm 
7F ° ilL fffi a A 'J^ >ii 4^ ^fe -f?-] # 0 . 11 m >^ -fJ'J ' »r ^ 

a ffn ^ » 

/^U^ ' t* ^ 88 ^ 1 C S ' # * ^g. ;1 'fb #t IL 4a v;t ^ ( LPC VD 

400 >^ 6^) # /S. >^ T >«r ^ € # *^ IL -fb ^i' ^ ^ - 4^ 4i >t 120 a: 
m ^ vf 1 1 6 a ^ it^ ?^ ^ fffi D 1 1 8 ^II ' J-X >fb ^ ^ ^ >^ 
(CMP) J'X>5Lig^^'J#l^a.^^t^^g.^^ll6JL6(j4^i^>tl20 
' it'(itJiilk4^i^>tl20' 6«>^-!l'fg.«M^^^^>tll6 ' -kP ^Id 

ffl ^/T o 

^ 'ti ^-J it # tb 4:. # ' ^] -kP ^ M 122 m M ^ M. ^ m 

.i^>tll6J'XAI^4^i^>tl20' -J^it^B^a^^^vt^^^^er?*:"^ 




(5) 

# A -W ^e. # a. ^ Sfc ^(LPCVD) :«r^ . ^ isi ^ t ^ ^ 

^ J^. ma -ko ^ i^Sin^) ^ ^ ^bSO --QbO ^ & ^ T ^ rfh 

119(ItbB^f*aD^jg/J^^^?•J*»0.09it^m) • -kp ^IF m m ' _hi^ 

if^J # a^a >t >^ 1 2 2' ' flQ ^ 4^ 4^ ^ ^'J ^ ftl P^: ^ 

120'' • 

m ^ » ^ IG @ m • i^Jt. -kP Ml 7jc(NH40H) # * -feb 
^ if^ 1^ _L it if-J ^ ^ B^a >f 1 22' ^ ' « -f^J ^ 'fb >t ^ 

116 &L 3. m ^ ^ 11^ ^ ^ ^ Be ^ ^12A ' ii # * ^b ^ a 

% M12A' ^ m ^ m ^ ^ ^ ^ jl ^ 

>^ >f 124' -^r #'J ffl ;t ^b * a 4a >it # ^4:(LPCVD) -jt # ^ 
525-575 >!l ^ FbI >;t i» ifij # ' * >?- ^ ® ^ *f -fc 2 5 0 0 5. 5 0 0 0 

A ^ o *f ;!?^ n ^ 70 # ffij -r ' -^r ^ ^ ^ >t » -^t >6>^ 

t ^j^-^^bfeCphosphine) ^^>fb=-#.(arsine) it 
i n-s i tu # • ^ • 't"> »r J-:^ ^ >^t. ^ # a^B ' # J-X ^ 

# ^ ♦ n $~ niJ m ' # ^ii J-X ^ ^ # #1 26 • #J -6^ 
>fb ^(WSi,) ^ ^ M "ft ^ ^ M. t$i ^ ^ M 116 J^-^ ^ ^% ^ a 
119 • ^ fl^ ^ >i: :^'J ffl 'fS. ^ 'fb # a 4a ^ ;^(LPCVD) J-X 
SiH4^SiH2Cl (DCS) ^WFe m H >felOO -5 00 m Torr ' 




0548-9820tv»«ijlX 91190; Phoebcptd 



10 K 



(6) 

a>S.^**^^3 00'-600>SL4La-SLTfln^J& • ifo ^ M- JSi $i m ^ 
if >fel 500 ^4500 A ' :IL i^-J^ ^ ^ ^ ^ W ik m 1^ 

A'f^ M.'kp ff( ^ ^ X Hf^ ^\2^' ' ^ n 

^rBiRf''gi20'' n ' i^^n ^ % ^ ^ ^ ^ ' Jiidt 

^ t # ^14 ^ FP^ ^WS i, ' ^ m ^ ^ ^ Mi > ^ ^ ^ 4 >E>^ 

-fb # -ft ^ ft-l ^ ^ € >t • 

^ ^1 ' J-X ^ ^ ^'J # 1^ Ji i4 ^ 1^: ^ 1 20* ' ' ifij ^ 

^ ^ ^ ffl ^ ^ f: >t " # ^ ' 1^ IM g a ^ II a S^(HF) ^ 

Lightly Doped Drain; L\)\>^ ^ JL §: ^ ^ ^ ^ iH - -L 

^ *i: ^ m >ft ffi ^ #1 4 *t -fi >^ 1 X 10^3 ^3 X : ^ 

-Ife ^ * m ^1 0 J.30keV « 

fl^ ^ Pp^ Fal 1^: ^ 1 3 0 ^II ' 1^ ^fe* ^ 1 1 0 • §Ln ^ ^^M, 

>^ j-x ^ ^ it ^ ^ : # ^ ' FtI ^ X, ^ ."^ 'J- 5- 0 . 1 0 // m 1-x T 
• @ >!t 4- 2^ If >t # ^ ^ ' jtb frl ^ ^ F«1 ' ^ FtI ^ 7t ^ 
FbI iKj ^ ® (stringer) ^ ^ ^ 51- ^Kj tf »r it ♦ # jtb 




054&^9820twfiCnl); 91190; Phoebe.pid 



% n % 



i^^ifltJlM (7) 

m m ^ i^j^ i^^] m ^ -kp J:. » m ^ m. 4^ m M 




ffilk ^10 m ^ ^ ^ m ^ ^ m ^ u m ^it ^ ^ 1^ 

3& ® ® • ^ 



[ # Sfe 18. ^ 3 

100 - ^ ^ ^ ;£ ; 

no ^ M J 

1 1 5 - It ^'j ^ jL >^ ; 

112 ~STI ; 

114 ~STI ^ ^ ; 

1 1 6 ~ ^^g. ^ >t : 

120 - 120'~^^i^>t ; 

1 2 0 • • ^.^m f^.m ' 

1 2 2 - ^ B^a >f ; 

1 2 2 ' - ^ a^a >t ; 

124' - ^ - ^ « ^ ; 
12 6' n ^ ^ ^ ; 
128 ~LDD : 
IZO ^ m m Pel P^: ^ : 
1 3 2 ~ >^ H ^ » 




054m20cwfi(nl); 91 190; Phoebe.ptd 



^ 13 1 





























1 

1 • 
















' * ^ ^ 


























>t j-x — 




# jL >t 6<j ^ # 




/& ' 














































Ife- >t a JL 




$ij jL ; 














^ It 












M £1 JSi ^ M 


m lis 




M n 


f 




























1^ 








Wj 








^ Fal I*: ^ 




a -1* >f2. |S Pfl^ 1%^ 

-D- Pn wSl I^J i>r'» 








y; 








/e 


• 


























It. 










• 

f 














1^ 












^ a ^ tt ^g. 




/a ra- iM «»r /7 




It 




r/ 












jL 






















sir 




It 






it # ^1. >^ 




/5<4 TF- ifiS. «35C 






^ /w 








t 






















71 








ft 








^ ^ ^ ^ 




Ft^ Fal p^: m. : 






















a 






dj ^ ^ ^ & 


































St 
















Jk 


it a- ^ ^ ^ 




H ^ 


0 




0 




T 










m 


% 


1 3l ^/t ii^ ^ ^ 


t ^ ^ a m 


» J: 


t 














0 
















0 

0 . 




T 


It 








m 


% 


1 3^ m iilt ^ ^ 


t ^ ^ fig ^ ^ a 




t 






It 






% 


ll 




>t 


0 










4. 




t 


It 








m 


% 


1 m ic ^ 4 




^ ^ fi-^ ^ ^ a 




T 






>t 














C TEOS ) 


0 








5. 






It 






IE 




% 


\ fn ^ ^ i 


^ 1 







I 




OS48-9820tw«ial); 91 190; Phoebe.ptd 



3^ H 1 



^ n ^^n. m m ^ fLit ^ • 

6. ^^tk^m$im^\^^^^m^3^m^um- » * 

7. ^^tk^^*i^m^^mm^^m^^m^um » * 

^ n m m h'i m ^ ^ ^^t ^ • 
^ M. ^ m ^ 4t ^ " 

11. - m m ^ ^ f^^ u ^ ' : 

^ ^ - ^ ^ * ^ ^ Pi. (STI ) .^^^:^^^m.^ 
^'J # jL ^ ; 





1^ 




i^g, >f - 


^ m 








^^mm, m M +t 










^ #J ^ ^ ^ 'tJi^ 




^ 












Q54S-9820twfi(hlX 91190; Phocbcpld ^ 15 K 



^ ^ ?^ u ri\ m ^ & ^ ^ ^ M 

^ & j-x ^ 1^ ^'J # jL >f ; 
€ >t 4L ^ #j ; 

a ^ it ^ M. m f^^ ^ ^ ^ M ^ ^ m m B ^ ^ 

1^ -li ^'J ^ jL ># a A >§ ; a >Ji 

^ ^ n ^ m, m m ^ ^^t M " 

^ t t^STI ^ ># ^ ^ >fb /I » 

^tt^i^.^>f>%E32.ft,;i.«>^^ ( TEOS ) " 

^ t ^ ti FaW^: ^ ^ a 'fb ^ " 
^ t fT^ ^ f«W^ ^ ^ ^ 'fb >t o 




0548-9mwfi[nlX 91190; Phoebe.ptd 



^ 16 K 



22. t ^ # jf'J H. a 1^ 1 1 ^ m ii. ^ ^ ^ ^ FtI a ' 




QS48-9820tw«(iil); 91190: Pboebe.ptd 



^ n ^ 



(4. 5«l)'ptfr?^'H^J&«l:«t«tA.M«i»«i 



% mi K 




% 2/17 I 




% Am I 




% 2/17 K 




3P 3/17 X 



^ 5/17 1 





^ 6/17 I 



^ 6/17 K 




^ 7/17 I 




% 8/17 K 



^ 9/17 K 






^ 10/17 :s 




(4, 5«l)t«-«#;g«l:«llfe^W«fe«tie 

41 « 



1^ 11/17 K % 11/17 -K 




